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[Coment; The fellovinzg wrticl. by o bl Fusiin and He o
Vusil'chikov, Candidnt .s of Technical Sailvews. apd Inep 11, v
Barbarich appeared in the Mzsceow nonthly periodical Vestnik
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Mnshinostroycniya, o 3, larch 1055,
—2sLrhvroyeniye

Figures rentioned in the text arn avpznded to the ropert,”

The USS. has dxvelord and has introduced into industry o onoogelgg
producing wears by neans or rollirg Liiated blanks Lhirough Loothed (¢
dies. This method sreatly si N mass rroduction of gemrs, To ¢ b
approxirately 50,030 1oll:d I 1rreducad and have withstood the :
test of tim: in use,  However, si i is siill vary new, certain
basic date on the sear-tootll desisr ang 1 cheracteristics are 5till
lacking, Ta» assuription that hot relliod ‘ing hod testh pressed into
contour by mating teeth, wculd be ablo o greater leads than gears
with mechined teeth, hos not azsg yat bren sroven a fact, due to insufricient
expericnce.

In studying tho microstructure of the Ccross-saciion of' the teeth formed
by hot rolling (Figure 1), it is confirmad that the outer sturfece of Lhe tooth
has a layer of rofind mztal, This layer is =zbout 0.5-0.6 rm ir thickaess.
The grain sizo sradunlly increascs in sromortion to the distance from the
surfece of the %ooth to its crnier. The ~opeenl Srein off the metal conyorms
with the contour of the tooth,

This article presents briefly the results of research performed by the
authors at the Central Scientific Research Institute of Technology and Machine
Building, the purpose being to compars deto on the contact fatigue of hot-
rolled gears versus rachined gears.

The hot-rolled gears and the rachined zears were tested in the same setup
and undsr identical conditions. The testing setup consisted of a single-stoze
reduction gear train, using the experiuental poars (Figure 2); e Irony Brake
and an AC prime mover (I = 12 kv, n=1%C0 1r.11). The direction of gear ro-
tation and the o0il leval in the g2ur Lex was rointuined constant during the
period of the experirant, The Lpe oi' 0il used was the sere (machine T); its
operating temperature was maintained between 330 ang 356C, and it was replaced
with fresh oil after every £0-20 hours of use,

The gears tested, both the driving and the driven, were made out of grade
45 steel, having the following chenicel cciiosition: 0.43% ¢; 0,263 s1; 0.60%
Mn; 0.02% s5; 0.035% P, The #5 steel was selected because it is widely used
for the manufacture of industriczl zzoer transmissions, and bzcause the known data
on the fatigue crumbling qualitics of this sivel would make it possible to evalu-
ate correctly the results cbtainzd in this 2Xperinient. Boih the large and the
small gears were f'ormed by the hot-rolled srocess with the Tollowing production
syecifications:

vmall Gear Larze Gear
No of teeth per sear () 3C 70
Module of gear (m) 2 2
Rpm (during rolling) S0 135
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Small Gewr Larg: Gzaz L
Y ey
Fued of blanis In wm/revolution 0.3-0.% 1.3-0.5
Tamperueure of blenks ip ¢ '»i’
DI
Ltart of rolling operation 1050 1050 i"{ N |
End of rolling operation £50-750 750-800 '; -
e

The rolled blanks (Figure 3) vere cir cooled at rocm tenperature end were

not subjected to furthor heat treetment, The only machining process .. rforred

to produce the rolled gears consistod of cutting the 1olled blanks into gears

and boring the mounting center hole., The Tinished gears are shown in Flgure b, '
The machinzd gears wore produeed out of the sape forging as wvare the rolled

ones. ThLe milling wes dons on gear cutting of the "Komsoroleis" trze, The

dimensional limits of the milled gears wers in the 2nd-3rd accurzcy class, The

hot-rolled geers were in the 3rd-hth accuragy class.,

Imperfect mating of the Bears creates additional dynamic stresses and lcads
on the gears during their operation. To eliminate the influence of thais Tactor,
the rolled years vere machined to bring then up to the cccurecy standards of
milled gears (0.15 mm of metel was removed from the ceniact surfeces of the rolleg
gear teeth),

- The uniformity of the working surfaces of the gear teeth was reasured by

means of & comparison nicroscepe of the "MIS-11" type. The average height of the
irregularities of the milled pears was round to be 10-11 microns (5th cless),
The rolled gears, which were Tinish-machined, hed en average height of irregu-
lerities reasuring 8 microns (6th cless)., The uniformity of the tooth surfaces
has a great influence on the fatiguc sirength of these surfaces, and therefore
the nilled gear teeth were lopped to the stendards of unifcrmity of the rolled
gear tooth gurfaces, to make all things caual for experimental purzoses,

The rolled gears were found to have 2 hardness of 200-220 Brinell. 1In
order to have an equal hardness rating for both tyzes of geurs, the fear blanks
that were to be milled were normalized,

The point of initial surface fatigue failure of the teeth wes deternined
with the start of their rrogressive crumbling, If any crunbling at all was
noticed on the surfuce of the teeth, but did not progress further, it wes not
considered 2s the point of initial “otigue failure, At the time that initial
crumbling developed into Progressive crumbling, and eventually led to the de- W
struction of the tooth contour (Figure 5), it was assured that surface fatigue
failure had been reached. The number of cycles under load at this roint, when
the progressive crucbling first started, was accepted &s o coordinate point on
the fatigue curva graphs,

The moxima: specific pressure at the field of contact vas calculated by
the formula:

S S fa‘?%li,ig);f

1
4
1‘
1
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where P = load
b

F 1 ¢I’2 = rodii of curvature of cylinders at the roint of contact

I

length of contact

Here )y and JFo ere Poisson's coefficients.
Ly and B are roduli of elasticity of the
metals.

. As & result of the experinents tie fetigue feilure limit of milled geurs
was determined to be P, = 53 kg/mm2 (Figure 6, Curve 1). This is completel -
confirmed by date previously obtained by G. K. Trubin (B= 55 kyg/mn2) through
similer experimentation. The fatigue failure limit for the hot-rolled gears
was found to be higher, being By = 70 lp/rm2 (Figure 6, Curve 2)

The characteristics of the destruction of the tooth surfaces was studied
c through the use of polished nicrosections., Figure Te. is a photograph of &

’ milled tooth surface showing the formation of a erack. Figure 7b shows a pit
which resulted from the crunbling of the surfece of a milled tootn, In Figure

7c and Td, the formution of & crack and & crumbling pit, on the surface of a
rolled gear tocth, are shown ragspectively.

In comparing the characteristics of the surfa
teeth and the hot-rolled ones, it can te noted tha
Thnme thhevacks soread fror the surfres inward
wheees in the pot rolled gears the cracks for
or parallel to it, and conform to the

ce destruction of milled gear
t in the case of the milled
. into the body of the tocth,

m at a small angle to the surface
Jraiu of mektal.

In conneevicn vii wuit L. oo Coraation of cracks, it is observed that
there is & relationshiy in the character of pits formed on crumbling. In the
nilled gear teeth the pits are smell on the surface but are deep., In contrast,
the pits on rolled gear teeth are shallew, but ere nuch larzer on the surface,

iS5 was mentioned previously, the testh oi' the
machined, prior to their use in this exgeris
from their surface. This was dona in order
same as that of the milled gears.

rolled gears were finishe-
tent, by the remcval of 0,15 m ‘F
to make their pitch exactly the

However, considering the fact that hot-
rolled gears are being used in the Tield without this finish machining of their
tooth contour, it wes interesting to test them es they were, after the
process only. This special test shored that the unt'inished hot-10lled
have a fatigue failure limit of P.o= b2 2/,
the fatigue crumbling curve in ihis case.

rolling
gaars
The graph in Figure & shows

Therefore, the surface campression, or grain refining, of gear teoth which
is achieved by the plastic deformat on (this wrocess brins uniqne to Lhe hote
rolled method), considerably increeszs the resistence of the teeth to fatigue
failure. Rolled gears, and also rolled Gea.s which have been finish-macuinsd
for desirable tooth contours, possess much hijgher cuelities of resistance o
fatigue failure than the milled gears produced oul of the same material,
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Fig 1. lot-Rolied Tocih
53X Magnification

Fig 3. Rolled Blanks

Fig 5. Destruction of Tooth Cuntour Fig €. Lumber of Tycios
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Fig 7. Destrucilon ol Tooth Uurlsces. (35K Mugnification
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